Human endogenous retrovirus-H (HERV-H) is implicated in leukaemias and lymphomas, but the precise molecular mechanism underlying HERV-mediated carcinogenesis remains unknown. We determined the prevalence of HERV-H in a cross-section of the Singapore population and explored the relationship between HERV-H positivity and incidence rates for Hodgkin's lymphoma in three major ethnic groups of Singapore. We observed that Malays were 1.11 times likely (95% CI ¼1.05-1.17; Po 0.01), and Indians 1.12 times likely (95% CI ¼1.07-1.18; Po 0.01) to be HERV-H positive when compared to Chinese. Interestingly, the incidence rates of Hodgkin's lymphoma for the three races positively correlated to the respective prevalence rate for HERV-H positivity (r ¼0.9921 for male; r ¼ 0.9801 for female), suggesting that viral inheritance in human may predispose certain racial origin unfavourably to malignancy.
Introduction
Leukaemias, lymphomas and multiple myeloma can be the dreadful sequelae of viral infections. RNA oncogenic viruses, which are also known as retroviruses, were initially known to cause lymphoproliferative disorders only in animals, but have also been reported to demonstrate their transforming ability in humans. Retroviruses are capable of integrating their proviral DNA into the host genome, which may in turn, mediate leukemogenesis via insertional mutagenesis. For instance, human T-cell lymphotropic virus type 1 is the causative agent of adult T-cell leukaemia-lymphoma [1] . Akin to exogenous retroviruses, human endogenous retroviruses (HERVs) have integrated into the human genome since at least 30 million years ago and are transmitted vertically via the germ line [2] . Some family members of HERVs (HERV-K and HERV-H) are implicated in leukaemias and lymphomas, although the precise molecular mechanism underlying HERV-mediated carcinogenesis remains to be elucidated [3] . While seroprevalence to exogenous viral infections in endemic regions have been shown to be associated with the incidence rate of lymphoid cancers [1, 4] , information about the prevalence of HERV-H in different populations in relation to lymphoid neoplasms remains unknown. Of interest, a recent study reported that endogenous LTR derepression is involved in the pathogenesis of Hodgkin's lymphoma [5] . This provide the impetus for us to determine the prevalence of HERV-H in the three major ethnic groups (Chinese, Malays and Indians) residing in Singapore, and examine the association between the prevalence rate of each of these ethnic group with the reported incidence rate of Hodgkin's lymphoma retrieved from the Singapore Cancer Registry.
Materials and methods

Study design and subjects
To investigate the prevalence of HERV-H in a cross-section of the Singapore population, 808 apparently healthy subjects, aged 16-60 years, were randomly recruited from the residents in Singapore during April 2010-November 2011. The mean age at recruitment was 23.3 years. Of these, 23 subjects whose genomic materials were classified as indeterminate were excluded from the study, resulting in a total number of 785 subjects.
The study protocol was approved by the Ethics Review Committee of Singapore Polytechnic.
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Genotype analysis
Buccal cells were collected from volunteers using the MasterAmp ™ buccal brush (Epicentre, USA) and their genomic DNA was isolated using the ReliaPrep gDNA Tissue Miniprep System (Promega, USA). Each individual's DNA was tested for the presence of HERV-H element by using polymerase chain reaction (PCR) amplifications as previously described [6] . Briefly, PCR was conducted using the primers HERV-H: forward, 5′-CTT CCC TCC GTG TCT TTA CG-3′ and reverse, 5′-AAG ATT AGA CAC ACT CAG CAA CG-3′. The 
Statistical methods
Analyses were conducted separately for gender and ethnicity. Prevalence rates and 95% confidence intervals (95% CIs) were calculated using the ProMESA software, version 1.62 (EpiCentre, Massey University, New Zealand). Relative risks and odds ratios (ORs) with 95% CIs were calculated using the GraphPad Prism Version 6.0c (GraphPad Software, USA) to estimate the association of HERV-H with the variables. Differences between groups were estimated by chi-square test (statistical significance for Po 0.05). Odds ratios statistical tests were based on 2-sided probability. Correlations between incidence rates and relative risks were calculated using Pearson's correlation (GraphPad Prism).
Results
Of 808 subjects recruited, 785 were successfully analysed for HERV-H element. The prevalence rates of HERV-H positivity, based on gender as well as categorised by their ethnic descent, are shown in Table 1 . 89.9% (381/427) females and 88.6% (320/361) males were found to possess HERV-H in their genome, resulting in a total of 89.3% HERV-H positivity overall. With respect to gender, there is no statistical difference between males and females (P 40.05).
The prevalence rates of HERV-H positivity for Chinese, Malays and Indians are 86.1%, 95.4%, and 96.8%, respectively. To examine the significance of ethnic disparities, we performed a Chi-square test. Compared to Chinese, both Malays and Indians were found to possess statistically higher prevalence rates (P o0.01). In addition, Malays were also found to be 1.11 times likely (95% CI ¼1.05-1.17; Po 0.01), and Indians 1.12 times likely (95% CI ¼1.07-1.18; Po 0.01) to be HERV-H positive when compared to Chinese. Fig. 1 depicts the strong association between the Hodgkin's lymphoma incidence rates and the prevalence rate for HERV-H positivity in three major ethnic groups of Singapore (1A: r¼ 0.9921 for male; 1B: r ¼ 0.9801 for female). The age standardised rate risks data was obtained from the Singapore Cancer Registry Report No. 7 [7] .
Discussion
HERVs represent the trail of successful ancient retroviral infection of the human germ line. As a consequence to the persistence of vertical transmission, about 8% of the human genome is occupied by HERVs [2] . Their existence, through millions of years of evolution, implies that HERVs have overcome the stringent evolutionary selection and their genomes have been successfully domesticated and incorporated into the host genomes, although Interestingly, our analysis reveals strong positive correlation between age standardized incidence rate of Hodgkin's lymphoma and prevalence rate for HERV-H positivity. Based on genetic similarity in the pol region, HERV-H belongs to Class I of the Gammaretrovirus-like family. Apart from possessing long terminal repeats (LTR)s, HERV-H is also known to utilise histidine (H) transfer RNA (tRNA) at its primer binding site to initiate reverse transcription [2] . A previous study demonstrated that derepression of endogenous LTR due to hypomethylation results in up-regulation of CSF1R proto-oncogene expression, which in turn contributes to the pathogenesis of Hodgkin's lymphoma [5] . In addition, endogenous retroviral Np9 and Rec were identified as oncogenic players in leukaemia [2] . Expression of HERV-H was also shown to contribute to pluripotency in human cells [9] . Perturbation to HERV-H-mediated pluripotency regulation may lead to deregulation in self-renewal control and emergence of cancer stem cell, though this hypothesis remains to be proven.
In contrast to the low insertion frequency in Asian population for HERV-K113 (13%) and -K115 (4%) [10] , we demonstrate herein high insertion frequency (89.3%) of HERV-H in the Singapore population, and observe interesting correlation between prevalence and age-standardized incidence rate of Hodgkin's lymphoma for the three races residing in Singapore. Together, current and other study [10] provides the differential prevalence rate of various HERV elements in different human race, and can serve to demonstrate these "jumping genes" retrotransposons (e.g., HERV-H vs. HERV-K) have vastly different distribution frequency. Further prospective or retrospective HERV-H gene expression studies involving cohort of Hodgkin's lymphoma patients are required to directly implicated endogenous retroviral elements in lymphomagenesis and investigate the molecular mechanisms underlying the process.
